
Peripheral
Interventions

Update on Endovascular
Treatment of Peripheral
Vascular Disease
New Tools, Techniques, and Indications

The treatment of peripheral vascular disease is one of the most rapidly expanding fields
of medicine today. At one time, patients who had peripheral vascular disease had few
medical or surgical options. Now, however, options abound. The number of peripheral
interventions increased from 90,000 in 1994 to more than 200,000 in 1997, and en-
dovascular techniques may soon replace up to 50% of traditional vascular operations.

Cardiologists, interventional radiologists, and vascular surgeons bring various types
of expertise to endovascular intervention; nonetheless, they seem to share similar
levels of enthusiasm about this treatment option. The many advantages to the patient
that such intervention offers over traditional surgery, such as the avoidance of anes-
thesia and other surgical risks, the rapid recovery time, and the relatively low treat-
ment costs, provide encouragement to these specialists.

Endovascular intervention requires dedication on the part of practitioners, because it
demands such complete knowledge of vascular disease and of the anatomic changes
experienced by the patient. The challenge is intensified by the continual introduction of
new products and methods. We hope, herein, to offer pertinent information about re-
cent advances in interventional techniques and devices, and to provide a framework for
future education. (Tex Heart Inst J 2000;27:369-85)

ndovascular intervention is the fastest growing area of vascular medicine.
Peripheral vascular interventions have been developed with these aims: to
avoid the risk of general or epidural anesthesia and the risk of convention-

al surgical procedures, to reduce the patient’s discomfort and recovery time, and
to lower the cost of treatment.

Endovascular intervention has generated great enthusiasm among specialists in
cardiology, interventional radiology, and vascular surgery. The number of radiologic
and angiographic heart procedures has doubled since 1994.1 Approximately 2.5
million radiologic diagnostic procedures and 3.2 million angiographic heart proce-
dures are performed annually in the United States. Since 1994, the number of pe-
ripheral interventional procedures has increased from 90,000 to more than 200,000
in 19972—this far exceeds the increase in coronary interventional procedures.

Cardiovascular interventional techniques require specialized skills and training
in diagnostic angiography and interventional techniques. To gain expertise in pe-
ripheral interventions, knowledge must also be acquired with regard to the natur-
al history of peripheral vascular disease and the anatomic changes that occur in
patients who have this disease. Familiarity with various therapeutic alternatives is
necessary, as well.3

Since the original description of percutaneous balloon angioplasty more than
25 years ago by Andreas Gruentzig,4 endovascular interventionists have been able
to treat patients with coronary and peripheral arterial disease using a variety of in-
terventional techniques. Such treatment has undergone dramatic expansion dur-
ing the last few decades (Table I).

Percutaneous Transluminal Balloon Angioplasty

Percutaneous transluminal balloon angioplasty (PTA) has been used successfully
for treating coronary, renal, iliac, femoral, tibio-peroneal, subclavian, carotid, and
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other arterial stenoses. The best results of PTA are
achieved in stenotic lesions that are short, concentric,
and noncalcific. Despite substantial improvements in
balloon and catheter technology, PTA still produces
unacceptable restenosis rates in complex lesions and
often requires reintervention. This is particularly
common when the complex lesions are in the carotid,
renal, femoropopliteal, and tibio-peroneal arteries.5
Several mechanisms can contribute to this recur-
rence, including elastic recoil, vascular remodeling,
and intimal hyperplasia.

Through the technical innovation of stents, the
problems of elastic recoil and vascular remodeling
have for the most part been solved, and a large per-
centage of vessels remain free of restenosis. However,
intimal hyperplasia, including smooth-muscle-cell
proliferation, requires further research to find a solu-
tion.

Carotid Angioplasty

For many years, PTA was considered unsuitable as a
treatment for atherosclerotic carotid stenosis, because
atherosclerotic plaque is not removed by this method.
Although PTA was 1st performed by Kerber’s group
in 1980,6 the procedure is still considered contro-
versial for extracranial carotid artery stenosis. The
European trial CAVATAS,7 which compared carotid
endarterectomy to PTA of the extracranial carotid
artery in a prospective randomized study, showed no
essential difference between the results of the 2 meth-
ods over a period of more than 4 years.

Interventionists have been reluctant to use this
technique due to the risk of dislodging atherosclerot-
ic débris, causing cerebral embolism and stroke. Sim-
ple balloon angioplasty can lead to embolism and
suboptimal long-term results for various reasons, in-

cluding heterogeneous composition of atherosclerot-
ic plaque at the carotid bifurcation, residual stenosis
after PTA (frequently present), and intimal disrup-
tion and dissection leading to thrombus formation.

Stent-Supported Carotid Angioplasty
Technologic advances in the endovascular treatment
of peripheral vascular disease, along with the intro-
duction of stents, have been the impetus for various
investigational trials concerned with treating extra-
cranial carotid artery occlusive disease. The tech-
nique of stent-supported carotid angioplasty (SSCA)
has expanded the indications and reduced the risk of
neurologic complications that frequently occur with
PTA for extracranial carotid artery stenosis. Stent-
supported carotid angioplasty, however, is not an ap-
proved procedure in the United States. At this time,
the consensus among experienced interventionists is
that carotid angioplasty should not be performed
without the use of a stent (even though no stent has
been approved for this purpose). The preliminary re-
sults of SSCA8-11 are encouraging; however, no ran-
domized trial comparing PTA and stenting to carotid
endarterectomy has been completed to validate this
procedure. The preliminary results of SSCA that are
currently available8-11 are based on single-center, non-
randomized trials that have used different study de-
signs and techniques.

Roubin and colleagues8 reported on a series of 238
SSCA procedures in which a 6.3% incidence of neu-
rologic complications was observed. Diethrich’s
group,9 in a series of 110 patients treated with stent
placement (117 carotid arteries), reported 7 cere-
brovascular accidents (6.4%) and 5 transient ischemic
attacks (4.5%). In 1997, Wholey and co-authors10 de-
scribed 114 procedures, with successful Palmaz stent
placement in 108 carotid arteries. Complications in-
cluded 4 cerebrovascular accidents (2 major and 2
minor) and 5 transient ischemic attacks, all of which
occurred only in the 61 symptomatic patients (8.2%).
More recently, Wholey’s group11 reported the results of
their international survey on SSCA, which included
2,591 procedures at 24 centers. The overall technical
success rate was 98.8%. The complication rates of
carotid stenting were 3.08% for minor strokes, 1.32%
for major strokes, and 1.37% for periprocedural death.
The combined periprocedural stroke and death rate
was 5.77% and ranged from zero to 10% among the
centers. The restenosis rate was 4.80% at 6 months, as
determined by clinical and diagnostic studies. This sur-
vey also revealed that interventional cardiologists per-
formed 63% of the procedures; radiologists, 25%; and
vascular surgeons, 12%. At the present time, interven-
tionists at 10 to 15 centers in the United States per-
form more than 50% of all carotid interventional
procedures.
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TABLE I. Endovascular Treatment Methods for
Peripheral Vascular Disease

• Percutaneous transluminal balloon angioplasty

• Thrombolysis

• Thrombectomy devices

• Atherectomy devices

• Stents

• Stent grafts

• Ultrasound angioplasty devices

• Laser angioplasty devices

• Radiation

• Embolization devices

• Hemostasis closure devices

• Gene transfer therapy



Stent-Supported Extracranial 
Carotid Artery Angioplasty Technique
Several factors can positively influence the results of
SSCA:
• Preprocedural performance of detailed clinical,

noninvasive, and invasive cerebrovascular evalua-
tion

• Appropriate choice of arterial access site
• Appropriate choice of guiding catheters, guide-

wires, and PTA balloons
• Appropriate choice of stents (balloon-expandable

or self-expandable)
• Use of cerebral protection devices when indicated
• Use of essential pharmacologic therapy
• Adequate knowledge of or support for intracranial

vascular rescue
• Postprocedural performance of neurologic, inva-

sive, and noninvasive evaluation

The Choice of Stent
When a stent is placed across the carotid bifurcation,
it must adapt to arteries of different diameters. The
stent should be in close contact with the arterial wall
in order to allow neointimal growth. Self-expandable
stents, such as the Wallstent® Endoprosthesis (Bos-
ton Scientific Corp.; Natick, Mass) (Fig. 1) and the
S.M.A.R.T.™ Stent (Cordis Corporation, a Johnson
& Johnson company; Warren, NJ) (Fig. 2), have var-
ied radial expansion capabilities, flexibility, and com-
pressibility. Their narrow meshwork is beneficial in
preventing embolism during balloon dilation. The
disadvantages of the Wallstent are less accurate de-
ployment than that of balloon-expandable stents and
sharp strut ends. The S.M.A.R.T. Stent (the acronym
S.M.A.R.T. refers to Shape Memory Alloy Recover-
able Technology) is a self-expanding stent made of
nitinol (as opposed to cobalt alloy like the Wallstent),
and may have less shortening than Wallstent with-
out the sharp strut ends. Some other self-expandable
stents that have been used for SSCA are the Memo-
therm (CR Bard; Covington, Georgia) and the Inte-
gra stent (Boston Scientific). Currently available stent
and balloon designs for SSCA are suboptimal, because
the large profile of the 7-F stent delivery device can
cause problems, especially in subtotal occlusions with
tortuosity at the site of the lesion. The ability to track
the stent may be limited by the high-profile delivery
system. Nitinol technology is progressing rapidly, and
a nondeformable super-elastic memory alloy may be-
come the optimal stent material. In addition, a 5-F
delivery system will soon be the subject of feasibility
studies, and cerebral protection devices integrated
with the stents will be available. Both the S.M.A.R.T.
Stent and the Wallstent are now available with smaller
outer diameters of 5.5 to 6 F that allow them to be
used with smaller sheaths or guides.

Some of the balloon-expandable stents such as the
Palmaz® Stent (Cordis) offer more precise location ca-
pabilities, provide more radial strength, and contain
less metal. The disadvantages of balloon-expandable
stents are the risk of deformity and their tendency to
collapse with external compression or trauma. These
complications occur at the rate of 4% to 15%.8-12 For
this reason, most of the interventionists in current tri-
als are using only self-expandable stents.

Several types of stents have been used successfully
for SSCA; however, no ideal stent is available yet.
Several manufacturers are investigating covered
stents, which could inhibit thrombus formation and
myointimal proliferation. These coated stents are
available outside the United States. However, the
stents require several refinements in diameter and de-
sign to be of benefit for this application. It is possible
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Fig. 1  The Wallstent® Endoprosthesis (Boston Scientific Corp.;
Natick, Mass)

Fig. 2  The S.M.A.R.T. ® Stent (Cordis Corp.; Warren, NJ)



• AngioGuard™ guidewire filter device (Cordis) 
(Fig. 4)

• Medicorp, Henry-Amor-Frid-Rüfenacht
(H.A.F.R.) device (Medicorp S.A.; Villers les
Nancy, France)

• MedNova NeuroShield Cerebral Protection System
(MedNova USA; Topsfield, Mass) (Fig. 5)

• EPI Filter Wire™ (Embolic Protection Inc.; 
San Carlos Calif) (Fig. 6)
Theron and associates13 originally described their

technique in 1990, in which they use a triple coaxial
catheter that occludes the internal carotid artery be-
yond the stenosis with the use of a latex balloon. An-
gioplasty and stent placement are then performed
with the patient under cerebral protection, thus
avoiding distal embolism. Any débris from the proce-
dure can be aspirated or flushed through the guiding
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that the covered stents will decrease the risk of cere-
bral embolism, but occlusion of the external carotid
artery is a potential problem. Most investigators agree
that SSCA would be of the greatest benefit to pa-
tients who are at high risk for surgery, which includes
those with
• High cervical carotid segmental lesions that are

surgically inaccessible
• Tandem lesions with proximal and distal lesions 

of the internal carotid artery
• Postoperative recurrent stenosis of the carotid

artery
• Nonatherosclerotic cause of carotid artery stenosis

(for example, fibromuscular dysplasia, Takayasu 
arteritis)

• Ipsilateral stenosis due to prior radiation therapy 
to the neck

• Stenosis due to prior radical neck surgery
• Lesions of the common carotid artery with 

associated internal carotid artery lesions
• Increased operative risk due to concomitant ill-

nesses such as coronary artery disease requiring
coronary artery bypass surgery

• Contralateral occlusion and high-grade ipsilateral
stenosis

Methods of Reducing the 
Incidence of Cerebral Emboli
Cerebral embolization can be caused by the manipu-
lation of guidewires, balloons, and stents across com-
plex atherosclerotic carotid artery lesions. Theron’s
group13 analyzed the aspirated blood after patients
had undergone angioplasty under cerebral protec-
tion, with the inflated balloon in the internal carotid
artery. They found, in 17 of 21 cases, cholesterol
crystals ranging from 600 to 1300 µm in length.
Mathur and coworkers14 reported that neurologic
complications are related to patient selection. Ad-
vanced age (>80 years), severe stenosis, and long and
multiple stenoses are independent predictors of pro-
cedural cerebrovascular accidents. Mathur’s group
did not find any correlation between neurologic
complications and preprocedural symptoms, plaque
ulceration, sex of the patient, presence of diabetes
mellitus, coronary artery disease, hypercholesterol-
emia, prior carotid endarterectomy, history of smok-
ing, contralateral carotid occlusion, or the type of
stent. Several cerebral protection devices have been
developed and are currently being investigated in an
effort to reduce the incidence of cerebral embolism:
• Theron’s technique (cerebral protection with 

occlusion balloon)13

• Kachel’s reversing flow technique15

• The PercuSurge® Guardwire™ temporary occlusion
and aspiration system (PercuSurge, Inc.; Sunny-
vale, Calif) (Fig. 3)

Fig. 3  The PercuSurge® Guardwire™ temporary occlusion and
aspiration system (PercuSurge, Inc.; Sunnyvale, Calif)

Fig. 4  The AngioGuard™ guidewire filter device (Cordis)



allows inflation and deflation of the distal occlusion
balloon. When the Microseal adapter is detached, the
occlusion balloon remains inflated, at which time an-
gioplasty and stenting are performed. An aspiration
catheter can be advanced over the wire into the ves-
sel, and manual suction is applied to retrieve particu-
late débris. This device was studied experimentally in
animals by Osterle16 in coronary vessels and then in
human aortocoronary saphenous vein grafts.17 These
studies showed the PercuSurge Guardwire to be capa-
ble of capturing and retrieving atherosclerotic and
thrombotic débris, which may aid in the prevention
of distal embolism in a vessel.16

The Medicorp device consists of a protection bal-
loon and a dilation balloon that can be used over a
0.014-inch coronary guidewire. Although Henry’s
group has reported encouraging preliminary data
with use of this device, larger numbers of cases are
needed to determine the benefit of this cerebral pro-
tection device.18 A technique of combined occlusion
of the internal carotid and common carotid arteries
could be considered as a reasonable alternative. Oc-
clusion of the internal carotid artery above the lesion
and the common carotid artery below the lesion
would create a dilation zone without a flow, which
could be aspirated and cleared of atherosclerotic
débris easily.

Filtering devices are in the early experimental stages
for cerebral protection. A filter could stop detached
embolic particles without interrupting blood flow to
the brain. This technique might benefit patients with
contralateral carotid occlusion or an incomplete circle
of Willis who would have no tolerance for prolonged
interruption of ipsilateral carotid flow. The Angio-
Guard guidewire filter device is currently being stud-
ied (Fig. 4). Other cerebral protection devices are
undergoing evaluation worldwide to determine their
ability to prevent cerebral embolization during SSCA
(Figs. 5 and 6).

Future Implications for SSCA
The preliminary results of SSCA from several non-
randomized trials have been encouraging. However,
randomized clinical trials are necessary to determine
the benefits and the indications for SSCA. Two ran-
domized clinical trials comparing SSCA with carotid
endarterectomy will soon begin, with the goal of de-
termining which patients would benefit most from
each procedure. The SAPPHIRE (Stenting and An-
gioplasty with Protection in Patients at High Risk for
Carotid Endarterectomy) trial19 and the CREST
(Carotid Revascularization Endarterectomy versus
Stent Trial)20 will randomize high- and low-risk pa-
tients with carotid artery stenosis to stenting or
surgery groups. Both trials will use cerebral protec-
tion devices in the stent arm of the study.

catheter toward the external carotid artery. The limi-
tations of Theron’s technique include the absence of
a guidewire in the shaft of the protection balloon and
poor steerability of the catheter. No large study has
yet evaluated this cerebral protection technique.

Kachel15 developed a cerebral protection technique
that consists of occluding the upper part of the com-
mon carotid artery with a balloon attached to the dis-
tal end of the guiding catheter. The occlusion created
by the balloon allows the reversal of flow toward the
external carotid artery. Angioplasty and stenting can
be done through the guiding catheter. This technique
seems easy to use; however, it does not offer suffi-
cient safety against the risk of embolism. Kachel’s se-
ries yielded a complication rate of 4.6%, which is not
significantly different from complications reported
in other studies that did not use cerebral protection.

The PercuSurge Guardwire (Fig. 3) is a device that
consists of a 0.014- or 0.018-inch angioplasty guide-
wire constructed of a hollow nitinol hypotube. Incor-
porated into the distal wire segment is an inflatable
balloon capable of occluding vessel flow. The proxi-
mal end of the wire incorporates a Microseal™ that

Fig. 5  The MedNova NeuroShield Cerebral Protection System
(MedNova USA; Topsfield, Mass)

Fig. 6  The EPI filter wire™ (Embolic Protection Inc.; San Carlos,
Calif)
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Endoluminal Treatment 
of Abdominal Aortic Aneurysms

Epidemiology of 
Abdominal Aortic Aneurysms
Abdominal aortic aneurysm (AAA) is characterized
by permanent dilatation of the abdominal aorta with
a diameter at least 50% larger than normal. This seri-
ous vascular disorder predominantly affects men who
are 60 years of age or older. Men are affected 5 times
as often as women are. More than 90% of AAAs are
secondary to atherosclerosis and the majority (89%)
are located in the infrarenal aorta. Previous studies
have shown that 25% of patients with AAA who did
not undergo corrective surgery died of ruptured
aneurysm.21,22 There is a 90% mortality rate associated
with an out-of-hospital AAA rupture, but the mor-
tality rate decreases to 50% for those who undergo
emergency surgery. 21-23 As a preventive measure, over
40,000 surgical repairs of AAA are performed in the
United States annually. 21 The generally accepted AAA
diameter at which repair is indicated is 5 cm.21-23 The
standard treatment is replacement of the diseased aor-
ta with a prosthetic graft. The surgical mortality rate
in younger (<60 years), asymptomatic patients under-
going elective resection is 3% to 5%.21,22 In patients
who have undergone previous abdominal surgery or
who have severe pulmonary, cardiovascular, or renal
disease, the risk of perioperative death ranges from
20% to 60%. Such patients are often denied surgery,
because the risks of surgery exceed the benefits.21-24

Endovascular Treatment of AAAs
The 1st endoluminal treatment of AAAs in a clini-
cal setting was reported in 1991 by Parodi and col-
leagues.23 Since then, endovascular exclusion of AAAs
has attracted many specialists: among them, vascular
surgeons, interventional radiologists, and interven-
tional cardiologists. Although vascular surgeons used
to be the main practitioners of aortic grafting, more
nonsurgical specialists are now getting involved, pri-
marily due to the development of new transcatheter
devices for delivery of vascular prostheses.

At first, the use of endoluminal devices was reserved
for patients who had concomitant illnesses or other
conditions that increased the risk of conventional
surgery. 23 More recently, endoluminal grafts have been
proposed for use in patients without additional ill-
nesses.25-30 The 1st-generation endovascular endolumi-
nal grafts were tubular grafts, and later, aorto-uni-iliac
grafts were developed. The early prostheses were rela-
tively inflexible and required an introducing femoral
sheath with a 24-F internal diameter.23 The devices are
now available as tube grafts or bifurcated grafts, are
more flexible, and are available in smaller diameters.
Their structures are either completely stent-supported

or stented only at the level of attachment. Some of
these devices consist of fabric grafts that are supported
throughout their length by self-expanding metal
stents to minimize kinking and migration. Stainless
steel and nitinol (the latter of which has thermal
memory characteristics) are the most common mate-
rials used for stents.26-30

Some investigators have reported that fully sup-
ported grafts offer a higher degree of immediate and
late success.28-30 A stent may be placed on the outside
of the graft material (exoskeleton)28 or on the inside
(endoskeleton).30 The prosthetic wall can be made of
a polyethylene terephthalate textile in a woven or
knitted form,28-30 of urethane polycarbonate, or of an
expanded polytetrafluoroethylene (ePTFE) material.
The stent grafts are either self-expandable28,29 or bal-
loon-expandable.23 The stent graft is affixed by the
radial force28-30 of the stent or by a specific attachment
system that uses barbs or hooks.27 The bifurcated
prostheses are available in either a 1-piece design27 or
a modular design.28-30 The modular design consists of
a bifurcated prosthesis, which is introduced through
the femoral access as the 1st step, followed by inser-
tion of the contralateral limb through the contralat-
eral femoral access as the 2nd step. Which of these
materials and designs will ultimately produce superi-
or long-term results should be revealed when ongo-
ing clinical studies26-32 are completed. In 1999, well
over 4,000 endoluminal abdominal aortic aneurysm
repairs were performed with various devices world-
wide (Table II).5-12

Two endoluminal AAA exclusion stent graft sys-
tems have received FDA approval: the Ancure™ En-
dograft System (Guidant/EVT; Menlo Park, Calif)
and the AneuRx™ device (Medtronic AVE; Santa
Rosa, Calif). Both are over-the-wire systems that re-
quire bilateral femoral artery access.

The Ancure stent graft (Fig. 7) is an unsupported,
single piece of woven Dacron fabric. The graft is bi-
furcated and thus has no intragraft junctions. The
main device is delivered through a 24-F introducer
sheath; a 12-F sheath is required to facilitate the de-
ployment of the contralateral iliac limb. The graft is
attached via a series of hooks that are located at the
proximal aortic end and at both iliac ends. The hooks
are seated transmurally in the aorta and the iliac ar-
teries, initially by minimal radial force, and then af-
fixed by low-pressure balloon dilation. Radiopaque
markers are located on the body of the graft for cor-
rect alignment and positioning.

The AneuRx device (Fig. 8) is a modular 2-piece
system composed of a main bifurcation segment and
a contralateral iliac limb. The graft is made of thin-
walled woven polyester that is fully supported by a
self-expanding nitinol exoskeleton. Attachment is ac-
complished by radial force at the attachment sites,
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the devices listed in Table I are currently undergoing
clinical evaluation in the United States, and several
have already been released for clinical use in other
countries.

Thrombolytic Therapy 
for Arterial Occlusions

A principal goal of treatment for acute limb ischemia
is rapid restoration of blood flow to the ischemic re-
gion before the occurrence of irreversible changes.
Surgical treatment of acute limb ischemia, because of
accompanying illnesses, has a 30-day mortality rate
of 15% to 25%.33,34

Intravenous infusion of exogenous plasminogen
activators—specifically, streptokinase—was attempt-
ed nearly 40 years ago for the treatment of peripheral
arterial occlusion.35 Since then, several studies have
shown that thrombolysis can be an effective initial
treatment for many patients who have acute arterial
occlusions.33-36 One of the advantages of thrombolysis
over surgical intervention is that after thrombolysis,
angiographic evaluation can uncover hidden causes
of the thrombus formation.33-36 Then underlying le-

which causes a frictional seal. The main bifurcated
body is delivered through a 21-F sheath, and the con-
tralateral limb requires a 16-F sheath. The body of
the graft has radiopaque markers that facilitate cor-
rect alignment and positioning.

Endoluminal AAA exclusion has been 90% suc-
cessful with the devices currently being used. The
need for surgical intervention due to a failed device is
less than 8%.27-30 The incidence of endoleaks after 1
month has been less than 10% for most devices, with
the incidence at 1 and 2 years ranging from 15% to
20%. The procedural and early mortality rate was be-
tween 1% and 4% in a recently reported multicenter
trial.31 Rupture due to AAA after endovascular repair
is rare: during phases II and III of that same clinical
trial, no ruptures were reported with use of the EVT
device in 597 cases. Nine ruptures were reported with
use of the AneuRx device in 1,046 cases during phas-
es I, II, and III.32

Although substantial improvements have been
made in stent grafts since the original procedure by
Parodi and coworkers,23 further follow-up in current
trials is needed to determine the exact usefulness of
this procedure for the treatment of AAAs. Some of

TABLE II. Stent Grafts for Repair of Abdominal Aortic Aneurysms

Device/ Stent Deployment Graft Means of Special
Company Type Mode Material Attachment Features

Ancure™/ 316 L Self- Lightweight Barbs, active Proximal and
Guidant /EVT steel expanding woven Dacron fixation distal support,

spring Y-design
Zenith™/ Barbed Self- Woven, Barbs, active Full support
Cooka Gianturo Z expanding noncrimped fixation

stent Dacron

AneuRx™/ Nitinol Self- Lightweight Friction, Full support,
Medtronic AVE expanding woven Dacron radial force modular

Talent™/ Nitinol Self- Lightweight Friction, Full support,
Medtronic AVEb spring expanding Dacron radial force modular

Vanguard™/ Nitinol Self- Thin-walled Friction, Full support,
Boston Scientific c expandable woven polyester radial force modular

Excluder® / Nitinol Self- ePTFE Friction, Full support,
Gored expandable radial force modular
White-Yu Elgiloy Self- Woven Friction, Partial support
Endovascular wire expandable polyester radial force
GAD graft

PowerLink™/ Elgiloy Self- ePTFE Friction, Full support,
Bardf wire expandable radial force Y-design

Anaconda ™/ Nitinol Self- Thin-walled Friction, Partial support
Sulzer Vascutekg ring stent expandable woven polyester radial force

ePTFE = expanded polytetrafluoroethylene
aZenith™ AAA Endovascular Graft; Cook Incorporated; Bloomington, Ind
bTalent™ endoluminal stent-graft system; Medtronic AVE; Minneapolis, Minn
cVanguard™ Endovascular Aortic Graft; Boston Scientific Corp.; Natick, Mass
dExcluder® Endovascular Modular Graft for AAA Repair; W.L. Gore & Associates, Inc.; Flagstaff, Ariz
eWhite-Yu/Baxter
fPowerLink™ system; C.R. Bard, Inc., Murray Hill, NJ
gAnaconda ™ endovascular graft for aneurysm repair; Sulzer Vascutek Ltd; Renfrewshire, Scotland, U.K.
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sions can be identified and treated by transluminal
balloon angioplasty or stenting, or by elective surgi-
cal revascularization.33,34

Reasons for using thrombolytic therapy for arterial
thrombotic disease are listed below:
• To remove the thrombus and establish blood flow

to the ischemic limb
• To identify hemodynamic causes of arterial or graft

occlusion
• To convert emergent surgery to elective surgery
• To remove thrombus from the collateral circulation
• To avoid the mechanical trauma of surgery in the

tibio-peroneal vessels
Thrombolytic agents include streptokinase, acylat-

ed plasminogen streptokinase complex, urokinase
(no longer available), pro-urokinase, and recombi-
nant tissue plasminogen activator (rt-PA-alteplase
and r-PA-reteplase). All of these agents induce a sys-
temic fibrinolytic state. In comparative studies on 
the treatment of arterial thrombosis,33-41 streptoki-
nase, urokinase, rt-PA, and pro-urokinase have been
shown to be more effective than heparin alone in
lysing the thrombus. A retrospective study from the
Cleveland Clinic37 found that the clinical success rate
was 60% for streptokinase, 95% for urokinase, and
91% for rt-PA. A recent report by McNamara42 sug-
gests that r-PA may have a clinical efficacy similar to
that of rt-PA, but with less bleeding.

Early studies concerning the use of thrombolytic
agents revealed that lysis is more likely to be success-
ful if the thrombosis is recent and involves proximal

Fig. 7  The Ancure™ Bifurcated Endograft System
(Guidant/EVT; Menlo Park, Calif)

Fig. 8  The AneuRx™ device (Medtronic AVE; Santa Rosa, Calif)
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route of administration; the amount, age, and surface
area of the thrombus; and the degree of ischemia. In
general, the fresher the thrombus, the more effective
the thrombolysis will be.35,37-39 In addition, the greater
the amount of thrombus (thrombus burden), the
longer it will take for the completion of lysis.38,39 The
higher the concentration of the thrombolytic agent in
the area of thrombosis, the more rapid the lysis will
be.37-39 Several investigators35,37-39 have recommended
the following dosage regimens for systemic infusion
of thrombolytic agents in the treatment of deep ve-
nous thrombosis and pulmonary emboli:
• Streptokinase: Administer a 250,000 IU intraven-

ous bolus (loading dose) over a period of 30 min-
utes, followed by 100,000 IU/hr for 24 to 72 hours.

• rt-PA-alteplase: Administer 100 mg as a continu-
ous intravenous infusion given over 2 hours for
pulmonary embolism and 0.06 mg/kg per hour for
deep venous thrombosis.

• r-PA-reteplase: The dosage recommendations for
local infusion of r-PA for deep venous thrombosis
and arterial occlusions is 0.5 to 1.0 U/hr intra-
venously for 5 to 24 hours, with or without a bolus
of 2 to 5 U.

• Low-dose intravenous heparin (500 U/hr) should
be used with rt-PA-alteplase and r-PA-reteplase.
The more severe the degree of ischemia, the more

important it is to achieve rapid lysis. Rapidity of
thrombolysis is increased by high-dose regimens; how-
ever, the complication rates may also increase.34,37-39 The
duration of therapy usually depends on the response,
as determined by clinical or angiographic results. 
Several investigators37-40 have shown the benefit 
of concomitant anticoagulation and thrombolysis.
Concomitant anticoagulation with heparin reduces
thrombus formation around the catheter and retards
thrombus propagation and reocclusion of the treated
vessel segment, particularly in a proximal vessel that
has low blood-flow above the occlusion. However,
the addition of heparin can increase the severity of a
bleeding complication.

The likelihood of success of thrombolysis depends
on the factors listed in Table III. The end points of
thrombolysis are as follows: restoration of antegrade
flow, complete lysis of the thrombus, failure to lyse
residual thrombus, extension of the thrombosis, and
complications of therapy.

Patient Selection for Thrombolysis
The selection of patients for thrombolysis depends on
the presenting symptoms, medical history, physical
findings, and objective laboratory test results. After
the diagnosis of thrombosis has been established, it is
essential to evaluate the indications, contraindica-
tions, risk factors, and likelihood of success. If throm-
bolysis is deemed a reasonable choice for therapy, the

vessels.33-35 Studies of peripheral arterial occlusions
have shown that urokinase has a higher success 
rate with fewer complications than does streptoki-
nase.35,37,39,40 McNamara and Fischer38 found that the
mean duration of infusion is also significantly short-
er for urokinase than for streptokinase. Comparative
studies of streptokinase, urokinase, and rt-PA have
shown that rt-PA provides equal success in thrombol-
ysis, but with a higher rate of major bleeding.36,37,39

The use of streptokinase is limited when antibodies
are being produced due to previous streptokinase use
or when the patient has had a recent streptococcal 
infection. Urokinase, which had been the most fre-
quently used thrombolytic agent, was recently re-
moved from the market because of concerns about
possible hepatitis contamination.

Methods of Administration 
of Thrombolytic Agents
Thrombolytic agents have been infused both systemi-
cally and locally. The systemic use of thrombolytic
agents has been associated with severe bleeding com-
plications.35,39 On the other hand, some studies33,34,38,39

have indicated that the local route (catheter-directed
thrombolysis) increases the concentration of the
thrombolytic agent in the treatment area, which in-
creases the chance of interaction with the thrombus
and decreases the incidence of hemorrhagic side ef-
fects. Several investigators have shown the usefulness
of a guidewire traversal test to assess the outcome of
thrombolysis.34-40 McNamara and Fischer38 have found
that if a guidewire can easily be advanced through the
thrombus before the initiation of thrombolysis, the
thrombus is likely to respond; however, if the guide-
wire cannot be passed, thrombolysis is less likely to be
successful. A variety of multi-sidehole catheters and
infusion wires are available for local administration of
thrombolytic agents.39 A coaxial system of 2 catheters
or a catheter and an infusion wire are often used to
deliver thrombolytic agents throughout the length of
a thrombotic occlusion.38 This technique shortens the
infusion time and requires less frequent angiographic
monitoring, because lysing is achieved throughout the
thrombus and because catheter repositioning is usual-
ly unnecessary. Some of the administration tech-
niques that have been tried include bolus lacing (an
initial bolus of the agent is given over a short period
of time throughout the length of the thrombus),34,38

pulsed-spray (a lytic agent is injected through a multi
side-hole catheter using high-pressure intermittent
pulses),39 and continuous infusion of a thrombolytic
agent over a longer period of time (hours to days).34-40

Doses of Infusion of Thrombolytic Agents
The dosage and duration of infusion of thrombolytic
agents depend on the indication; the agent used; the
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site of vascular access can be carefully selected and an-
giography performed. After the angiographic findings
have been evaluated and the likelihood of success has
been determined, the type of equipment and the dos-
age and type of thrombolytic agent can be selected.

Before the initiation of treatment with thrombolyt-
ic agents, possible hypercoagulable conditions should
be considered:
• Antithrombin III deficiency
• Protein C and protein S deficiency
• Factor V Leiden level
• Anticardiolipin antibodies
• Antiphospholipid antibodies
• Malignancy
The presence of any of the above conditions is a con-
traindication to the use of thrombolytic therapy.

Extensive experience over the past decade has led to
increased acceptance of selective intra-arterial throm-
bolytic therapy for peripheral arterial occlusions as an
adjunct to definitive revascularization procedures. Al-
though newer infusion techniques have substantially
decreased treatment times, they remain at around 24
hours for lower-extremity occlusions. Work continues
on the optimization of infusion methods and on the
development of new drugs and dosages in order to
shorten treatment times.

Mechanical Devices 
for Thrombus Removal
A number of mechanical devices have been devel-
oped to disrupt and remove freshly formed thrombus
from the circulation (Table IV). Only one of these
devices, the AngioJet® Rheolytic™ Thrombectomy
System (Possis Medical, Inc.; Minneapolis, Minn), is
currently approved in the United States for use in the
arterial circulation. It appears that these devices are
of most value when used to remove thrombi of recent
onset. A brief description of some of the more prom-
ising devices follows.

The AngioJet (Fig. 9) is an over-the-wire percuta-
neous device that removes thrombus; the tip has a
vacuum that operates on the Bernoulli principle. Sev-
eral studies43-47 have shown this device to be effective
in treating thrombus-containing lesions in the pe-
ripheral and coronary circulation. It has been used
successfully in native arteries, veins, saphenous vein
grafts, prosthetic grafts, and renal dialysis shunts.
The AngioJet is currently approved for use in vessels
larger than 2.0 mm prior to balloon angioplasty or
stent placement in patients who have symptomatic
coronary artery or saphenous vein graft lesions. It can
be used for thrombus removal and for breaking apart
and removing unorganized thrombus from arterio-
venous access.

The Hydrolyser™ Thrombectomy Catheter (Cordis
Europa NV; Roden, The Netherlands) is an over-the-
wire hydrodynamic thrombectomy catheter that uses
the Venturi principle for aspiration and removal of
intravascular thrombus. Negative pressure pulls the
thrombus into the heparinized saline stream, result-
ing in microfragments that are discharged through
the outflow lumen into the collection bag. Early re-

TABLE III. Factors Predicting the Success of
Thrombolysis

Likelihood of Success

Predictor High Low

Guidewire traversal test Successful Unsuccessful

Duration of occlusion Hrs, <week Weeks, months

Location Proximal Distal

Distal vessel Visualized Not visualized

Doppler signal Present Absent

Relative contraindications None Present

TABLE IV. Commercially Available Thrombectomy
Devices

Hydrodynamic Devices
A high-velocity saline stream breaks up thrombus
• Oasis™ Thrombectomy System (Boston Scientific

Corporation; Natick, Mass)

• AngioJet® Rheolytic™ Thrombectomy System (Possis
Medical, Inc.; Minneapolis, Minn)

• Hydrolyser™ Thrombectomy Catheter (Cordis Corp.; Warren
NJ)

Impeller Devices
Thrombus is cleared by a rotating internal impeller

• Helix™ Clot Buster® Thrombectomy Device (Microvena
Corporation; White Bear Lake, Minn)

Ultrasonic Devices
Thrombus is dissolved with therapeutic ultrasound
• Acolysis System™ (Therapeutic Ultrasound

Thrombolysis)(Angiosonics Inc.; Morrisville, NC)

Suction Devices
Thrombus is aspirated by means of suction from a syringe

• PercuSurge® Guardwire™ temporary occlusion and aspiration
system* (PercuSurge, Inc.; Sunnyvale, Calif)

• Aspiration thrombectomy catheter 

Clot-Macerating Devices
Thrombus is mechanically pulverized, then aspirated

• Arrow-Trerotola PTD™ (percutaneous thrombectomy device)
(Arrow International, Inc.; Reading, Penn)

• Cragg Thrombolytic Brush™ (Micro Therapeutics, Inc.; Irvine,
Calif)

*under clinical investigation in the U.S.
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have used external beam radiation in their pilot study,
using 8 to 12 Gϒ with encouraging preliminary 
results. To date, no randomized trial with long-term
follow-up after external beam radiation has been per-
formed to determine the long-term results and the
consequences of the radiation to the adjacent tissues.

Intravascular radiation therapy with various beta
and gamma sources has been studied more extensively
than has external beam radiation. A large number of
animal investigations54,55 and a few clinical trials56,57

have established the ability of ionizing radiation to in-
hibit vascular smooth-muscle-cell proliferation associ-
ated with restenosis. Recently, several studies58-60 have
shown that localized irradiation of the angioplasty site
by intraluminal delivery of low-dose beta-particle 
irradiation as well as gamma irradiation inhibits
smooth-muscle-cell migration and proliferation in
vitro and in vivo.61

A number of isotopes have been tested and several
others are being considered for future studies (Table
VI).62 Such tests have generally involved the use of
high-activity gamma emitters. Two of the most con-
troversial issues surrounding the delivery of intravas-
cular radiation involve the preference of beta- or
gamma-emitting radioisotope sources and the impor-
tance of source-centering in the arteries. Improper
centering of the catheter-based solid source (off by as
little as 0.5 mm) can lead to a dosing error as high as
5-fold. The consequences of these errors are consid-
erably worse with beta emitters than with gamma
emitters. However, because beta emitters deposit a
large portion of their energy locally, these isotopes
have substantial safety advantages over the gamma
emitters for both the operator and the patient. Ef-
forts to make use of beta radioisotopes in solution
await the development of an appropriate compound
with an adequate biodilution profile to safely handle
the potential intravascular release of radioisotope-
containing liquid.63

Clinical Trials of 
Endovascular Radiotherapy
The 1st clinical trial involving endovascular radio-
therapy was started in 1990 by Liermann and co-
workers61 in an effort to reduce the restenosis rate
following PTA in peripheral vessels. Their 6-year ex-

ports from European trials48,49 suggest a possible use
for this device in thrombus-containing lesions and
degenerated vein grafts. Currently, the device is in-
vestigational.

The Oasis™ Thrombectomy System (Boston Sci-
entific) is another an over-the-wire hydrodynamic
thrombectomy catheter that uses the Venturi princi-
ple for aspiration and removal of intravascular throm-
bus. This device is approved in the United States for
use in obstructed renal dialysis grafts.

Vascular Radiation Therapy

Despite improvements in long-term outcomes after
PTA and stenting of the peripheral vessels, restenosis
remains a significant problem—particularly in long
lesions, small-diameter vessels, and restenotic le-
sions.50 Therapeutic approaches have focused on me-
chanical devices, atherectomy, stents, stent grafts,
and pharmaceutical agents. None of these approach-
es has yet been successful in solving this problem.50,51

Vascular radiation for the prevention of restenosis
after PTA and stenting is a new frontier in the field
of peripheral interventions. The 1st experience with
in vivo endovascular radiation therapy was reported
in 1964 by Friedman and colleagues52 when they at-
tempted to prevent the development of atherosclero-
sis.

Various types of radiation therapy have been tried
to prevent restenosis after angioplasty, stenting, or
both (Table V). One consideration is that large-diam-
eter peripheral vessels require higher energy sources
than the coronary vessels do. Nori and coworkers53

Fig. 9  The AngioJet® Rheolytic™ Thrombectomy System
(Possis Medical, Inc.; Minneapolis, Minn)

TABLE V. Radiation Therapy Methods Used Experimentally to Prevent Restenosis 

External Beam Intravascular Therapy

Temporary Source Radioactive Stent

Source Liquid-Filled Radioactive Radioactive Radioactive
Wire Balloon Balloon Gas Pharmaceutical
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perience (May 1990 to June 1996) was described by
Schopohl and co-authors (Frankfurt trial).62 The
study included 28 patients with in-stent restenosis in
the femoropopliteal arteries who were treated with a
repeat PTA procedure or with directional atherecto-
my; all 28 then underwent endovascular radiation
with an Ir-192-HDR source. The radiation was well
tolerated and the investigators reported a 5-year pa-
tency rate of 82% based on Doppler ultrasound re-
sults. Restenosis occurred in 11% of patients, and
7% of the patients developed thrombotic occlusion
of the treated vessel. More recently, in a randomized
trial comparing PTA and brachytherapy for superfi-
cial femoral artery lesions, Pokrajac’s group63 report-
ed a restenosis rate of 51.7% for PTA alone versus
25% for PTA and brachytherapy combined.

The PARIS (Peripheral Arteries Radiation In-
vestigational Study) trial64 is currently evaluating 
the safety, feasibility, and efficacy of endovascular
brachytherapy to prevent restenosis in the superficial
femoropopliteal arteries immediately after PTA with-
out stenting. Endovascular brachytherapy is adminis-
tered through a balloon-centering catheter system
using an Ir-192-HDR source delivered to the target
site by a remote afterloader. Twenty-seven patients
completed Phase II (the 6-month angiographic fol-
low-up). Their restenosis rate was 11%.64

Brachytherapy for treatment of peripheral arterial
disease to prevent restenosis after an interventional
procedure is in the early developmental stages. Vari-
ous isotopes are being tested in an effort to minimize
the radiation exposure to patients and personnel and
to reduce the dose delivery in the near field.61-64 There
are now centering balloons that can center the
catheter-based isotope within the lumen of the vessel,
in spite of eccentric plaque. This improves the depth
of dose delivery, especially for large vessels.

New techniques, such as radioactive liquid- or gas-
filled balloons that improve dose delivery, are being
investigated. Potential sites for brachytherapy include
the superficial femoral arteries, popliteal arteries,
tibio-peroneal arteries, hepatic vascular system-TIPS
(transjugular intrahepatic portosystemic shunt), arte-

riovenous dialysis grafts, renal arteries, and carotid
arteries.

Percutaneous Hemostatic 
Puncture Closure Devices

Vascular complications after endovascular treatment
can cause morbidity and even death, and can increase
the total cost of the procedure by prolonging the pa-
tient’s hospital stay. Angiographic and angioplasty
procedures involving femoral artery punctures lead to
access site complications in 1% to 9% of cases.65 These
complications range from simple hematomas to ar-
terial thrombosis, pseudoaneurysm, embolization, ar-
teriovenous fistula, arterial hemorrhage requiring
transfusion, and extended hospital stays including
possible surgical repair. Krause and Klein66 estimated a
mean cost of $8,000 per vascular complication (as-
suming a 2-day hospital stay plus surgical repair in
two-thirds of patients with complications). Preven-
tion of vascular complications is therefore essential to
optimize the outcome of interventional procedures. A
variety of devices are available for arterial compression
after sheath removal, including mechanical clamps
and an inflatable pressure device, the FemoStop™ (CR
Bard). These devices are commonly used for larger
sheath sizes (8 to 16 F). The choice of technique is af-
fected by patient size, the availability of a specific de-
vice, and the expertise of the individual using the
device. Arterial compression is time consuming and
labor intensive. The patient is often immobilized for
an extended period of time; consequently, back pain
and urinary retention may occur. Movement during
compression can induce a local hematoma. In addi-
tion, anticoagulation therapy must be interrupted for
this method of obtaining hemostasis.

Lately, there has been considerable interest in new
methods to assist with hemostasis at the time of ar-
terial catheter removal. This interest stems from an
increased emphasis on patient mobilization and dis-
charge on the day of the procedure. Recently in-
troduced vascular hemostatic devices, deployable
without compression and anticoagulation reversal,
offer an alternative approach. The role of catheter
techniques for arterial entry closure is evolving. Mul-
tiple devices are available, including collagen plugs,
bioabsorbable pledgets, and vessel suturing de-
vices, all of which can be introduced through special-
ly designed catheters. VasoSeal™ VHD (Datascope
Corporation; Montvale, NJ), the first of such de-
vices, consists of an absorbable beef collagen cartridge
delivered in the supra-arterial space by a preloaded,
syringe-like system. The collagen, unaffected by an-
tiplatelet or anticoagulant agents, attracts and acti-
vates platelets, rapidly forming a glue-like plug at the
arterial puncture site and obliterating the subcu-

TABLE VI. Isotopes Being Tested or Considered for
Endovascular Brachytherapy

Isotope Emission Half-Life Activity Required

Ir-192 gamma 74 days 1.0 Ci

I-125 x-ray 60 days 3.8 Ci
P-32 beta 14 days 40 mCi

Sr/Y-90 beta 28 years 30 mCi

W/Re-188 beta 69 days 35 mCi

V-48 beta 16 days 1.0 µCi (stent)
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did not specifically examine the use of this device in
high-risk patients, such as those who are morbidly
obese or who have severe peripheral vascular disease.
Insertion of this device may be limited in patients
who are obese, because the relatively short length of
the tamper tube may make collagen compression dif-
ficult. A longer tamper rod is being designed to cor-
rect this problem. As currently designed, the device
cannot be used during procedures that require cath-
eters larger than 8 F. Larger sizes are being developed
to extend device applicability to procedures that re-
quire larger sheaths. In addition, repuncture of the
artery after device placement has not been studied in
human beings. At this time, the manufacturer does
not recommend reentry into an artery sealed with
this device until 90 days have passed, in order to al-
low full collagen absorption.

In comparison with the Prostar® XL Percutaneous
Vascular Surgery device (Perclose, Inc.; Redwood
City, Calif), the Angio-Seal yielded a slightly lower
rate of immediate hemostasis. Complication rates
were similar for both devices.72

The Prostar device is now being used in an unusu-
al, off-label fashion that allows safe percutaneous ac-
cess and closure of access sites up to 16 F. This
method, described by Haas and colleagues73 and by
Krajcer and colleagues,74,75 calls for placement of the
Prostar device sutures before sheath placement. The
sutures are left untied and the arterial access site is di-
lated with sheaths up to 16 F. The artery expands
within the confines of the sutures, which are then
closed at the end of the procedure. Howell reported
that this technique, used in more than 54 patients,
had a 94% success rate and no lower-extremity com-
plications at the 1- and 6-month follow-up.74,75

Gene Therapy

The prospect of growing new arteries, both in the
coronary and in the peripheral circulation, generates
much excitement. Preliminary results76 with the use
of vascular endothelial growth factor (VEGF) to in-
duce new blood-vessel formation in animals and
human beings have been encouraging. Both Baum-
gartner’s and Isner’s groups77,78 have reported that in-
tramuscular injection of naked plasmid DNA
encoding VEGF induces therapeutic angiogenesis in
patients with critical limb ischemia.77,78 This treat-
ment is still in the experimental phase.

Covered Stents

Covered stents are a recent development in peripheral
vascular therapy. Originally, it was hoped that the
prosthetic covering of the stents would decrease the
restenosis rate, thus providing longer vessel patency.

taneous tunnel. Ernst and associates67 have shown
that with the use of collagen plugs, hemostasis can be
achieved in 87% of patients after a mean compres-
sion time of 4.8 minutes. Schrader’s group68 recently
reported that a percutaneously applied collagen plug
shortened manual compression time by 90%. This
reduction in time to hemostasis was independent of
the heparin load. Sanborn and colleagues,69 in a mul-
ticenter randomized trial, found that major compli-
cations occurred in 1.4% of patients after angioplasty
when collagen hemostatic devices were applied.

The Angio-Seal™ Hemostatic Puncture Closure
Device (St. Jude Medical, Inc.; St. Paul, Minn) is a
specially engineered bioabsorbable anchor (collagen
sponge) that is deployed through a sheath, which is
then drawn tightly against the arteriotomy. The de-
vice consists of 3 completely bioabsorbable compo-
nents: 1) a flat rectangular anchor (2 × 10 mm) made
from a copolymer of polylactic and polyglycolic acids;
2) a 27-mg bovine collagen plug; and 3) a positioning
suture of polyglycolic acid that loops through the col-
lagen plug and the anchor, exiting through the proxi-
mal end of the device.

The combination of the anchor with the collagen
sponge retained by the suture forms a mechanical
“sandwich” around the arteriotomy. When deploy-
ment of the anchor has been confirmed, the carrier
tube and the insertion sheath are withdrawn and the
tamper tube appears. This device is used to ensure
proper positioning of the collagen. A tension spring
is then applied over the suture, the suture is cut, and
the carrier tube and the insertion sheath are removed.
All the components are fully absorbed by the body in
60 to 90 days. This device is available in sizes from 6
to 10 F and is indicated for both diagnostic and in-
terventional procedures. Blengino’s group70 achieved
hemostasis with this device in 90% of patients, with
a mean time to hemostasis of 2 ± 6 minutes. More
recently, in 435 patients, the U.S. phase II clinical
trial71 showed that both the time to hemostasis and
the compression time were 3.2 ± 10.5 minutes in the
Angio-Seal device group, compared with a time to
hemostasis of 16.0 ± 12.2 minutes and a compression
time of 19.5 ± 11.9 minutes in the manual compres-
sion group (p <0.0001). The overall complication
rate was significantly lower in the device group than
in the manual compression group (12% vs 18%, re-
spectively; p = 0.08), as were bleeding complications
(7% vs 15%; p = 0.007) and hematomas (2% vs 6%;
p = 0.08%). The incidence of pseudoaneurysms and
arteriovenous fistulae was the same in both groups.71

The worst complication associated with the Angio-
Seal device is anchor failure with subsequent distal
embolization. Thus far, this complication has oc-
curred once in the U.S. multicenter study and twice
in the European study. 71 The Angio-Seal clinical trials
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Early results, however, have shown no benefit over
bare metal stents in the treatment of peripheral ste-
notic lesions.79-83 Nevertheless, studies84,85 have shown
that covered stents may be very useful in providing an
airtight seal for the treatment of such vascular lesions
as arterial ruptures, dissections, aneurysms, pseudo-
aneurysms, and arteriovenous fistulae. A few of the
more promising devices are described below.

The Wallgraft™ Endoprosthesis (Boston Scientific)
(Fig. 10) is a self-expanding cobalt super alloy stent
covered with polyethylene terephthalate graft materi-
al. The Hemobahn™ Endoprosthesis (W.L. Gore &
Associates, Inc.; Flagstaff, Ariz) (Fig. 11) is a self-ex-
panding nitinol stent covered with an ultra-thin
PTFE graft. The Jostent® Peripheral Stent Graft
(Jomed® USA; Conroe, Tex) (Fig. 12) is a single-piece
self-expanding nitinol stent covered with an ultra-
thin PTFE graft.

Old Devices, New Uses

A number of devices that have been around for a
while and used primarily in coronary artery interven-
tions are being tried in peripheral interventions.
Techniques such as intravascular therapeutic ultra-
sound and laser angioplasty have not had a marked
effect on peripheral interventions.86-88 One exception
is the excimer laser guidewire. Due to its success in
crossing coronary arteries with chronic total occlu-
sion, pilot studies are currently being carried out to
evaluate its effectiveness in totally occluded peripher-
al arteries.89
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